pNGVL4a-Sig/E7(detox)/HSP70

Plasmid DNA Expressing K7 for the Treatment of HPV-Associated Cervical Cancer

SUCCESS STORY

RAID Application Received from Dr. Drew Pardoll, Fermentation Overview Purification Overview Process Improvements
Johns Hopkins University 02/1999 . . .
At least three subsequent RAID projects have benefitted from these process improvements.
* Consistent association of human papilloma virus (HPV) infection with pNGLV4a-Sig/E7(detox)/HSP70 Fermentation pNGLV4a-Sig/E7(detox)/HSP70 pNGLV4a-S|g/E7(detox)/HSP70 pNGLV4a-Sig/E7(detox)/HSP70
development of cervical cancer. o (80 L Scale Technology Transfer Run) Fermentation (80 L scale) Purification (1 kg scale) Purification (1 kg scale)
- * Consistent expression of HPV gene product E6 and E7 can be only found e Store at < -70C .. . . >
h‘ Y in cervical cancer but not normal cells. Tech Transfer 80 L #380005 Process Monltormg and Controllmg Process Overview Process Descrlptlon
* E6 and E7 are functionally required to cervical cancer phenotype. ¢ 01 w0 600 1o .
* Cervical cancer is an ideal model for antigen-specific vaccination therapies. _ ] [ ' DO,  30% on-line controlling by agitation 250-500 RPM . . . Methods Developed In-H
* Applicant demonstrated that both recombinant DNA and vaccinia constructs containing LAMP-1-targeted E7 generate significantly Z"s'm;',:,‘l"’;';"g‘}:r :: { & o0 o 60.6 75 s < Cell Paste > /(-\:Iilll'l-yfls qnd Pl_a:mltd Extrat:ttl:?n cer. The Ivsate is clarified with Qiagen Method - coe -eve Lt -
enhanced E7-specific helper and CTL responses relative to vaccine constructs that contain 12-16 hrs " A / parge Rate  0.25-1.25 v/v/m . _ — ar']"f‘_"l VSIS 1S C‘j""e1 ou uszg asta ';Erg'xe’- 16 lysate Is ciartiied wi Project #390/#480 Project #447 Project #479
iid-tvoe E7 — R A 60.4 7o ) . . | Alkaline Lysis and Clarification | dept |tr_at|on using 0" 5  filter L_Jnlt. 8000 is added to 8% to _ — . _ _ .
wild-type E/. o . . o ¢ LS SR [0 2 z Dissolved Oxygen Control  Step 1: When DO drops to < 30%, increase sparge to 1.25 v/v/m preferentially precipitate the plasmid DNA. * Lysis » Batch lysis with RNase | * Continuous lysis e Continuous lysis
* Both DNA and vaccinia recombinant vaccines employing sig-E7-LAMP-1 —. . . gl 5 z 5 [92 2 Step 2: When DO drops to < 30%, increase agitation to 500 RPM S— * Qiagen column * PEG precipitation * PEG precipitation o Q—convective flow
generate dramatically increased antitumor activity relative to E7 alone. - Sé"f;g;,'?;';'}; z . 2 5 gl 8 |3 | PEG Precipitation | Tangential Flow Filtration Process chromatography | ¢ Q-membrane ¢ Q-convective flow chromatography
—> 0})1:0106 ~hrzsD § N §37 3 300 - 80 % g . Temperature  37°C : TFF (0.1 m) is used to concentrate and wash the DNA precipitate with Overview * Alcohol precipitation . chromatography . chromatography * Hydrophobic interaction
L g 2 bsos & _ TFF C dD Wash ' i Size exclusion Hydrophobic/thlophiulic chromatography
2 41 A Vessel P 5 oncentration and Detergent VWas detergent to remove endotoxin and other small molecule contaminants
RAID Proi A Initi J 5 % 200 4 0 ° essel Fressure 2 psig g ' chromatography chromatography e TFF or alcohol
roject Approved and Initiated 08/1999 21 s [ 95 W7+ 01, omine contrling it 30% NHLOH | TP e | Mustand @ Chromatoarash * Alcohol precipitation | + TFF precipitation
o 01 = 0.1, on- o ustang romatography
Centrifugation . - - - - ) | ] . .
 DTP made cell bank of the LAMP-1 construct. -—E w5 : o y wt Foam  P2000 when necessary Dissolved plasmid DNA 1s captured on the Mustang @ capsule membrane Product cceritle High High High
* Dr. Pardoll requested a change in the DNA plasmid based on new t — EFT (hr) _ _ . B . | Mustang Q Chromatography | ‘(Ii\gterql; f;ﬁﬂ;ﬁﬁge V\?i;?]ugjl)t. e capsule Is washed with butrer containing Quality (no % scDNA assurance)
preclinical data in which the LAMP-1 portion was replaced with heat —— EFTvs. Aaitation Oxygen Nutrient Feeding  When DO is > 30% and rising, and Glucose is < 1.5 g/L, feed at g g Cell
shock protein 70 (HSP70). — EFTus. Sparge Rate Total cell paste: 1.4 kg 1 L/hr until DO drops to < 30%. Total volume of feed medium | IPA Precipitation | Paste < 10 g cell paste 1 kg cell paste 1 kg cell paste 2 kg cell paste
. . = sl Store at < -70C — EFTvs, Tomperature Plasmid productivity: 0.9 mg per gram of cells is 20% of fermentor capacity Sephacryl $1000 Chromatography Batch
New construct: pNGVL4a-sig/E7(detox)/HSP70. —— EFTvs. Temperature, | ! . y el : Scal
vs. Optical Density Supercoiled plasmid percentage: 85% o ) ) : : o S1000 column is used as a final polishing step to reduce the level of genomic cale | p ified
Harvest Criterion  The cells are harvested at stationary phase (when D02 is not | Dissolution and Filtration | DNA and non-supercoiled plasmid ; < 10mg 100 — 500 mg 500 — 1000 mg >1000 mg
decreasing and 0Dgoonm reading does not increase significantly) ' Plasmid
RAID Project Re-Reviewed Due to Substantial Change to Project 02/2001 | Sephacryl 1000 Chromatography | Recovery High Low Medium High
* Dr. Pardoll presented data indicating that the EJ/HSP70 construct | IPA Precipitation | - e - Simple * Firstin-house process | * Improved lysis procedure | * More robust purification
produced strong E7-specific CD8 T-cell responses when administered - - — pNGLV4a-S|g/E7(detox)/HSP70 Purification DeveIOpment Runs P successful in Igrge- elir%inated\gnimpal source steps P
either as a DNA, vaccinia, or DNA-DNA (prime-boost) regimen. | Dissolution and Filtration | Mustang Q Chromatography Lot 390016DEV (1 kg scale) o Pl:lqcl‘:ss d scale production material * Better recovery
* This construct also produced strong antitumor immunity against Inllg t;ge:nae':lt * More robust purification | ¢ Reduced process time
E7-expressing TC-1 tumor either as a s.c. challenge or lung metastasis. < Final Bulk > - prov steps e Can be easil_y adapted
¢ Head-to-head comparisons of the LAMP-1 vs HSP70 indicated that the latter construct was more potent. The results of the re- Step Plasmid S.C * Better recovery to other projects
review were for approval Recovered (mg) e
to proceed with the production of the pNGVL4a-sig/E7(detox)/HSP70. - g
" Alkaline lysis and purification PEG 910 869
.. . 0
: . : precipitation
Production Work Commenced Spring 2001 R
| _— N > TFF concentration, wash, dissolution, 680 91% Toxicology Studies Initiated When Material
* DNA sequencing showed it contained an extraneous 36-amino acid tail. - _ 74 and filtration .
* The plasmid for this construct was sent to the Biopharmaceutical Development Program (BDP). w — SPEIFICATIONS VENDOR or PROCEDURE Became Available 10/2002
* Based on review of the preclinical data generated at Johns Hopkins University and safety considerations (concern about the 36- FEREETanED e Bl €3 i TR 21 e o
amino acid tail), it was decided to proceed with the pNGVL4a-sig/E7(detox)/HSP70, which had a 7-amino acid tail similar to the ot e Uneatzod o) | pprosimates St Prdid o P w7 Rt v Mustang Q chromatography 275 92% * Mice were given 1, 10, or 100 ug/immunization each week for
pcDNA3 construct used by Dr. Wu in his published tumor protection experiments. e EooRTarhne e 1 g oo8tp | 00000 Kadak macer 3 weeks as an intramuscular dose. Mice were evaluated for the
Resticton Site Prosence and ApprosimatesPreditd ragment iz for Twres | 00576 Restiction Endo following parameters: clinical signs of toxicity, clinical pathology,
O o Gl Ectoprress | Sy e 218 ad aontp | Gooo otk mar and reversibility of macro- and microscopic lesions.
e S N 210gs 228 | e Sephacryl $1000 Chromatography Lot 390008 * No vaccine-related toxic effects were noted.
LM Fods e rdmrv e Bl Lo o
ggxz?r::sntratinn by Absorbance at 1:0 ;ng/mLtOA mg/mL E'mm=o.05) 01114 Beckman Spec. (1 .7 L COIumn scale)
BT o | 175020 : CMC and Toxicity Reports Supplied in April 2003
. H H Y H Protein 50 2g/mL as determined by BCA 00679 BCA Assay St Plasmld s c
GMP fermentations can be performed at a 20 or Preparations for final purification are performed se ein oL Recovered (mg) e
’I 000 Iiter Scale. under enVIronmenta”y Controlled Cond|t|0ns. FOR INFORMATION ONLY — . Dr. Pardﬂ" Flled IND and Rece“’ed IRB Approval
I DNA Sequence nre:;rsgseqsggrzeggg)(nuclemide sequence accession 00681 Sequence Analysis S1 000 CO|umn |Oad 1 03 92 A) 04 2003
(( - R;:oz r:sr:::u::g Aega:): Gel Electrophoresis with 5 | 00689 Gel Analysis Fraction pool 78 >95%
¢ i — Clinical Trial Opened January 2004
- ’(\ '“.._‘ - ] u L]
l' ’(- » D N A Va c c' n e R e a dy fo r Te Stl n g I n c e r‘,l c a I a n d Fose s o S Gl e 1.5 A T T R A i | 100
I‘ I & T = Biopharmaceutical Quality Control Date Director, Biopharmaceutical Development Program  Date
1
| Head & Neck Cancer Trials
e R GAUTION: FOR FURTHER MANUFAGTURING ONLY y
| !
| NCI-supported researchers are beginning clinical trials of DNA-based cancer vac- S ' s
. . . oY | 50
cines for cervical cancer and for head and neck cancer. The DNA vaccine effort B i H
was spearheaded by T.-C. Wu, M.D., Ph.D., and Drew Pardoll, Ph.D., researchers 05} .,
at Johns Hopkins Medical Institutions. They focused on human papillomavirus-16 I I
(HPV-16), a strain of HPV responsible for more than 20 percent of head and neck il
: ) e cancers and more than half of all cervical cancers. ’ 250 Min 500
| 3‘ Loading Fractions Pooled
s i N #21-#55
; I — §
o | _m— | 4

-

¥ ¥medicines public health




